An enteric syndrome of turkey poults, characterized by enteritis, crop mycosis, intestinal changes (pale, thin-walled ballooning with watery contents), and rickets, occurred during 1988 in 74 turkey flocks from different farms belonging to 9 California turkey growers. The flocks ranged in size from 9,000 to 120,000 birds. Pools of intestine sections from 618 birds, representing 78 field cases, were examined. Histopathological examination of the intestines showed a mild to severe atrophy with a reduced depth of crypts, which was more prominent in the distal part of the small intestine. Viral isolation attempts with primary cell cultures of chicken embryo kidney cells were negative. Examination by electron microscopy of negatively stained intestinal specimens revealed the presence of Reoviridae particles of 58.8 to 80 nm in diameter. Enzyme-linked immunosorbent assay results on the intestinal pools for mammalian and group A avian rotaviruses were negative. A statistically significant relationship was found for the presence of Reoviridae particles in the intestines of 10-2l-day-old birds. Of the 7 most common pathological conditions analyzed, 2, rickets and intestinal changes (thin-walled ballooning intestine with watery contents), showed a statistically significant association with the presence of Reoviridae particles.
Enteritis and associated diarrheas in bird flocks appear to be a syndrome composed of many etiologies. The isolation of viruses, bacteria, and protozoa from affected birds seems to play a synergistic role and contributes to the severity of the disease. Viruses classified morphologically in the family Reoviridae (i.e., reoviruses and rotaviruses) have been observed in intestinal and cecal contents and in feces by direct and immune electron microscopy (EM) in chickens, 2 , 22 diarrheic turkey poults, 27, 30, 31, 38, 39 parrots, 12 quails, 13 and other birds 27, 32 Reoviruses of varying pathogenicity have . been isolated from chickens affected with malabsorption syndrome, runting and stunting syndrome, and many other disease conditions 11, [15] [16] [17] [18] 36, 37, 40 and from young turkeys with diarrhea, abnormal feathering, stunted growth, and increased mortality. 25 In a combined analysis of intestinal samples from 21-day-old chickens by cell culture and EM, 54% of the samples contained reoviruses and 25% rotaviruses. 2 Reoviruses have been recovered from turkey poults presenting clinical signs of enteritis and reduced intestinal absorption after experimental inoculation with reovirus. 9 Birds infected with reoviruses may die from secondary bacterial infections or suffer extensive dehydration. 27 Although most birds usually recover, their performance and productivity are impaired, resulting in significant economic losses.
Rotaviruses are considered to be the major viral pathogen in diarrheas of young animals, including poultry, especially in intensively reared farm aniisolated and characterized, enabling the study of their pathogenesis in a susceptible host. 23 Differences have been found in genomic and serologic comparisons with mammalian rotaviruses. 27, 39 Simultaneous or sequential infection with rotaviruses may occur in chickens with 1 or more of the 4 avian serogroups recognized. 35 The transmission and persistence of rotaviruses in a host species result in massive viral shedding and the presence of infective rotaviruses in feces for several months?
Recent studies in chickens have shown that protozoal infections due to Cryptosporidium spp. alone, or in association with reovirus, caused enteritis and diarinfections have been reported to be second to Eimeria spp. 33 in prevalence in chickens between 14 and 51 days of age,* as determined by histologic examination of tissues.
Few bacterial isolates of avian Salmonella spp. examined for plasmid-borne virulence showed evidence of Serovar-associated virulent plasmids. Nonetheless, flocks with clinical signs of enteric infection, increased mortality, and soft bones have been related to the isolation of different bacterial enteropathogens. 27 We report on the detection of virus particles with characteristic morphology of the family Reoviridae by EM from turkey flocks with enteric infections.
Materials and methods
Field samples. During 1988, 618 birds (4-25 birds/case) from 78 field cases, with histories of enteric problems, were submitted to the Fresno and Turlock Veterinary Diagnostic Laboratories from 74 turkey flocks varying in numbers from 9,000 to 120,000 birds, located on different ranches and representing 9 different operations. The enteric syndrome was primarily in turkey poults that ranged in age between 10 days and 11 wk. The clinical histories included watery diarrhea, starved-out, unthrifty in appearance, and soft bones. An enteric infection was suspected.
Gross necropsy. Necropsy observations of live and dead birds and microscopic findings for parasites in the intestinal lumen were recorded. Sections of intestine (i.e., duodenum, jejunum, and ileum) and the intestinal contents were collected for histopathologic examination, bacteriologic cultures, viral isolation, and EM. Seven prominent clinical conditions described in the clinical histories and at necropsy were used for comparisons in this study ( Table 1 ). The conditions selected were based on their potential role in the diarrheic syndrome of turkeys. 9, 27 The 78 field cases were divided into 3 age groups: a) 10-21 days, b) 22-35 days, and c) > 36 days.
Histopathology. The intestinal tissues were fixed in neutral buffered 10% formalin. Fixed tissues were embedded in paraffin, sectioned at 3 µm, and stained with a 0.5% Harris' modified hematoxylin and eosin solution.
Bacteriology. Scrapings from the different segments of the small intestine (duodenum, jejunum, and ileum), collected from each bird submitted, were cultured separately for 24 hr at 37 C in Selenite broth selective media for Salmonella species and transferred to agar plates of Ektoen agar and brilliant green." Positive cultures were serotyped by standard procedures. l9
Cell culture and viral assay. Refrigerated, pooled intestinal tissue sections (duodenum, jejunum, ileum), and intestinal contents from each case were diluted 1:10 (v/v) in viral transport media consisting of minimum essential media (MEM) b with 100 IU/ml penicillin, 100 µg/ml streptomycin, and 10 µg/ml kanamycin sulfate. The tissues were homogenized" for 10-l5 sec and then stored at -20 C. Prior to inoculation, the homogenates were thawed, centrifuged at low speed (250 x g), and filtered (0.2 µm). d Primary cell cultures of chicken embryo kidney (CEK) grown in 25-ml flasks were washed once with viral transport media, and each was inoculated with 0.5 ml of the filtered supemate. After incubation at 37 C for 30 min for viral adsorption, the cells were fed with Dulbecco's maintenance media supplemented with 4 mM/ ml L-glutamine, 5% bovine fetal serum, 100 µg/ml streptomycin, and 10 µg/ml kanamycin sulfate. The cultures were observed daily for 6 days for cytopathic effects (CPE). Each inoculated culture was passed twice. EM. Approximately 5 g of segments of pooled intestine (duodenum, jejunum, and ileum) from each case was homogenized in a mortar and pestle with sand and distilled water (d-H 2 O). These homogenates were sonicated f for 60 sec and then centrifuged at 250 x g for 20 min at 4 C. The supernates were sonicated for 60 sec, passed through a 0.2µm filter, and centrifuged at 340,000 x g for 45 min at 4 C in a 55.2 Ti rotor. g Each pellet was resuspended in 0.4 ml of d-H 2 O, sonicated for 60 sec, and placed in a glass nebulizer containing 8 drops of d-H 2 0 and 1 drop of 4% phosphotungstic acid at pH 7. The mixture was sprayed onto 2 200mesh formvar-coated, carbon-stabilized copper grids. The grids were examined in a liquid nitrogen (192 C) cooled column of an EM 1OC electron microscope. h Micrographs were taken of each specimen that contained viral particles, and size measurements were determined. 4, 28 Statistical analysis. The chi-square test of homogeneity was used for testing the null hypothesis of equal population proportions.' Positive and negative cases for virions within each age group were compared with the total number of positive or negative cases for Reoviridae particles. Additionally, each of 7 conditions that routinely appeared in the histories were analyzed for the presence or absence of Reoviridae particles, and a comparison by the chi-square test was made with the total cases within that condition. A level of P < 0.05, was considered significant.
Results

Gross pathology.
The most consistent gross lesions were thin-walled, pale, and ballooned small intestines with watery contents. The ceca were also distended and ballooned containing "foamy-like" material. Other necropsy findings in the affected poults included crop mycosis, rickets, litter in gizzard, and dehydration.
Histopathology. The villi of the affected poults showed mild to severe atrophy with reduced depths of crypts. The severity of lesions appeared to increase in the distal part of the small intestine. The lamina propria was invaded by large numbers of lymphocytes, heterophils, macrophages, and plasma cells. Cryptosporidia were seen more frequently than coccidia in the cytoplasm of the enterocytes. Occasionally, eosinophilic cytoplasmic inclusions were observed in the enterocytes. Intranuclear inclusions typical of an adenoviral infection were observed mostly in turkeys > 5 weeks old.
Salmonella isolations. Thirteen different serotypes of Salmonella were isolated from the pooled intestinal tissue sections and lumen contents ( Table 2 ). The 2 most common serotypes isolated were Salmonella anatum ( EM. Virions similar in morphology to the viruses belonging to the family Reoviridae were demonstrated by negative staining (Fig. 1) . The virions varied in size from 58.8 to 80 nm with a mean diameter of 72 nm and were thus classified as members of the family Reoviridae (65-70 nm), which includes both reoviruses and rotaviruses. Reoviridae-positive and -negative cases were associated with the 7 most common disease conditions ( Table 1 ). The intestinal changes (pale, thinwalled ballooning with watery contents) and rickets were found to be significantly related (P < 0.05) to the finding of Reoviridae particles in the specimen. Of the 3 age group designations, virions were detected mainly in the age group of 10-21 days followed by the age group of 22-35 days ( Table 3 ). There were fewer viruspositive field cases in the poults > 36 days of age. Adenoviruses, picornaviruses, and astroviruses were also detected in 4 cases containing Reoviridae particles. In 5 Reoviridae negative cases, adenoviral particles were found in the older age group. Bacteriophages were also detected in several cases.
In the comparison of age groups by the chi-square test for the presence or absence of Reoviridae particles in the intestinal specimens, a statistically significant (P < 0.05) relationship was found only for the age group of 10-21 days. The statistical analysis of the salmonella isolations to the finding of viruses was not significant.
Discussion
The results of this study clearly show that enteritis and diarrheas in turkey flocks are associated with multiple agents. Several etiologic agents can produce similar clinical signs, and the severity of the disease increases when more than 1 enteropathogen is . phology, but varying in size from 58.8 to 80 nm, were classified as belonging to the family Reoviridae. Such viral particles were found in 52% of the submitted cases. Because of this variation in size, the virions were initially placed into the family Reoviridae; although morphologically, the particles were more typical for rotaviruses. It has been reported that reovirions may have sizes larger than 75 nm and the decreased size seen may be due to the dehydration of the viral particles. 5, 14 This condition could account for the size variation observed in our EM study. Previous studies on avian rotaviruses indicated that avian rotaviruses, except group A, do not react in the ELISA for mammalian rotaviruses. Preliminary studies using a commercial ELISA were negative, which suggests that these specimens probably did not contain group A rotaviruses. However, the isolation of the infective virions in an in vitro system is necessary to enable the adequate classification of these viral particles. Primary cell culture and established cell lines have been used for the isolation of rota-and reoviruses after enzymatic (trypsin) treatment of tissue specimens prior to their inoculation into cells. 27 Efforts are continuing for the isolation of viruses from positive cases and the use of immune EM to further classify these viral particles.
Most of the Reoviridae-positive cases were in turkey poults between 10 and 21 days of age. Our results indicate that older birds were less prone to contain Reoviridae particles under the field conditions studied. Further, the statistical analysis by chi-square test revealed a significant association of Reoviridae particles with intestinal changes characterized by pale, thinwalled ballooning with watery contents and also with rickets.
Of the 13 Salmonella serotypes isolated from intestinal specimens of turkeys, the most numerous were S. anatum (3 1%) and S. senftenberg (20%). Salmonella anatum was isolated consistently from several flocks of turkeys associated with 1 grower. Further sampling is required to establish the significance of the presence of particles of Reoviridae in intestinal and fecal contents from diseased flocks and the role of these virions in the pathogenesis of this enteric syndrome. Local immunity also may play an important role in the protection of young birds. During the stage when passive immunity is declining in the first weeks of the poult's life, it is more susceptible to enteric diseases. Since both horizontal and vertical transmission of reoviruses has been shown, 7, 26 
